Abstract-Based on the two-degree-of-freedom internal model control structure, the design of external input/output disturbances rejection controller for non-square processes is proposed in this paper. The method design different disturbance controllers by choosing different forms of external input/output disturbance, such as step disturbance, dynamic disturbance. Especially when it comes to input disturbance controller design, the design of controller needs to offset the effect of slow dynamic poles by adding constraints. Simulation results have proved the effectiveness and reliability of the proposed method.
I. INTRODUCTION
In actual chemical production process, it is always need to use multiple controlled variables and multiple manipulated variables to describe a controlled system. And processes with unequal number of inputs and outputs often arise, namely it is a non-square system [1] . Meanwhile, the external disturbances is always present in actual process, so in order to get better response, it is necessary to reject the impact of these external disturbances [2] . Internal model control [3] is an advanced control method which can effectively solve the decoupling problems of multivariable system, however, for basic internal model control structure, the controller design is only a trade-off between tracking performance and disturbance performance. For this reason, two degree of freedom control structure [4] is proposed which can make the set-point tracking and disturbance rejection controlled respectively. This paper selected non-square multi-variable system as controlled object, used two degree of freedom internal model control structure, and designed the external input/output disturbances rejection controller. Then design disturbance controllers according different forms of external input/output disturbance, such as step disturbance, dynamic disturbance. Using Simulink for simulation, the results show that the method has better effect for disturbances rejection.
II. THE STRUCTURE OF DECOUPLING INTERNAL MODEL CONTROL
A two-degree-of-freedom IMC control structure is shown in Fig.1 . 
If the model describes the plant exactly, namely ( )
Then the system is decoupled if and only if ( ) H s is decoupled (diagonal and non-singular), and according to the method described in literature [5] , internal model controller can be design as follows: 
The 
From (6), it can be seen that other elements are diagonal except
Then (6) can be further simplified as follows:
Considering the output disturbance response, it can be written as:
In formula (8) , the first item cannot be changed, while the second item 
Then the optimal disturbances rejection controller meets the following formula:
Where ˆ( ) o D s can be expressed in time domain as follows:
After Laplace transform, (12) will become ˆ( ) O D s , then the optimal disturbance rejection controller can be calculated by (11).
Following, towards step disturbance and dynamic disturbance, disturbances rejection controller is designed respectively.
(1) Considering the output disturbance for the step form
After Laplace inverse transformation, the time-domain expression of (13) 
, then take it into (12) and deduce the following formula:
After Laplace transform, (14) becomes 
Take (15) into (11) and get the optimal controller
But the expression (16) is not regular, so filter is added. Finally the disturbances rejection controller is designed as follows:
(2) Considering the output disturbance for the dynamic form into (12) and get the formula as follows: 
Take (20) into (11) and get the optimal controller
Also if (21) is not regular, add filter to correct. Then the disturbances rejection controller is designed as follows:
In order to reject the output disturbance, the design of ( ) f G s must satisfy the following conditions:
B. Input disturbances rejection controller
The transfer function matrix between
( )
Y s can be simplified as:
Compared with the output disturbance transfer function, input disturbance transfer function has an additional multiplier that is controlled process. And if a pole of the transfer function near to the original point, it will lead to slow dynamic response. So ( ) od F s needs to be redesigned to offset its effects. To solve this problem, the following constraint is added. ( m n ≠ ), the redesign of ( ) od F s is unable to realize. So this paper pairs the loops using relative normalized gain matrix method [6] , and selects external input disturbances with the biggest influence on system output, then design input disturbance rejection controller.
Assuming that loop pairings is selected as 1/1,…,m/m, and external input disturbances are selected as 1 2 { , , , }
, then (24) can be reduced to:
. At the same time, for input disturbance, after loop pairing, the design of ( ) f G s still need satisfy the following conditions:
Finally, disturbances rejection controller is designed after loop pairing, and the numerator of all diagonal elements of (26) is constant, which is determined by both (25) and (28).
IV.
SIMULATION RESULTS Example Consider the shell control problem with 3 inputs and 2 outputs [7] . The transfer function matrix is given as ( ) 
First of all, according to the equivalent transfer function method [8] , the decoupling internal model controller is designed as 
At a perfect matching of a process plant and model, when set-point input is zero, the input disturbance responses of 1 y and 2 y are shown in Fig.2 and Fig.3 , where the solid line represents the method in this paper, the dashed line represents the method proposed in literature [5] . It can be seen from the simulation results that the method proposed in this paper shows better disturbance rejecting performance compared with the one that proposed in [5] . While in order to verify the robustness of the proposed method, we increase the gains and the dead times of the process elements by 20%, contrarily, the time constants are decreased by 20％,the input disturbances rejection response is shown in Fig.4 . The result shows two outputs still drive to zero, and have strong robustness in the case of the given perturbation. 
At a perfect matching, and set-point input is zero, the input disturbance responses of 1 y and 2 y are shown in Fig.5 and Fig.6 , while with the given perturbation, the input disturbances rejection response is shown in Fig.7 . The simulation results showed that the method proposed in this paper shows better disturbance rejecting performance and strong robustness in the case of the given perturbation compared with the one that proposed in [5] . Under two-degree-of-freedom internal model control structure, it can realize the set-point tracking and system disturbances rejection control respectively. First to design decoupling internal model controller, making input and output decoupling. Then according to the transfer function between disturbance and output, different disturbance rejecting controller is designed corresponding to different disturbance form. Especially, for input disturbance, it is also need to do loop pairings and consider the effect of slow dynamic poles. Finally, using simulation results verified the effectiveness of the method. 
